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Outline: Hydrologic Processes and Effects of Land Use 
Hydrologic Processes and Effects of Land Use 


Objectives 


This course has three basic goals. The first goal is to provide a rigorous 
understanding of hydrologic processes. Basic physical principles will be 
used to quantitatively analyse each component of the hydrologic cycle. The 
second goal is to integrate this information to understand and predict the 
highly variable behavior of undisturbed catchments according to the 
physical characteristics and weather conditions. 


Thus the first part of the semester will provide a physically-based 
understanding of hydrologic and erosion processes. The last part of the 
course will focus on how natural (e.g., wildfire) and human disturbances 
(e.g., forest harvest, urbanization) affect each component of the hydrologic 
cycle. By summing each of the individual effects on each process we can 
begin to predict the likely impact of different land use activities on runoff, 
vegetation, and soils, and then how these changes will affect terrestrial and 
aquatic ecosystems. In this way we will achieve our third and ultimate goal, 
which is to develop the analytical tools needed to understand each possible 
combination of land use practices and catchment characteristics, and 
integrate all of this information to predict catchment response and guide 
watershed management. 


Texts: 
Dunne, T., and L.B. Leopold, 1978. Water in environmental planning. W.H. 
Freeman and Co., New York. 818 pp. 


Chang, Mingteh, 2006 (2nd edition). Forest hydrology, 2nd edition. CRC 
Press, Taylor and Francis Group, Boca Raton, Florida. 474 pp. 


Other materials as distributed in class. 


Grading (projected): 
Homework assignments: 45% 
Quizzes: 0-10% 

Midterm: 20% 


Final: 35% 


Office hours: 


Monday and Wednesday afternoons 3:00-5:00, Room 203, VFU 
Guesthouse 


Final: 


8 June at 0700-0900 


Course Outline and Readings 


The numbers in parentheses after each topic indicate the approximate 
number of lectures for that topic. D&L refers to Dunne and Leopold; Chang 
refers to the text by Chang. 


Course introduction (D&L p. 3-6, with balance of Ch. 1 as desired; 
Chang pp. 67-72) 


Hydrologic processes 


e Precipitation (D&L Chapter 2) [Weeks 1 and 2] 

e Interception (D&L Chapter 3; Chang pp. 142-149) 

¢ Soil moisture (D&L Ch. 6) [Week 3] 

e Infiltration, hydraulic conductivity, temporal and spatial variability 
(hand-out from 

e Dingman) [Weeks 4 and 5] 

e Groundwater and karst hydrology (D&L Chapter 7) [Week 6] 

e Evapotranspiration (D&L Chapter 4-5; Chang Chapter 9) [Week 7] 

e Energy budget (Week 7; week 8 for measurements field trip?] 


Midterm 


Basin-scale hydrology 


e Water balance (D&L Chapter 8) 

e Runoff processes (D&L Chapter9) [Week 9] 

¢ Hydrologic modeling (rainfall-runoff) [Week 10] 

e Flood predictions, particularly in ungaged catchments (D&L pp. 280- 
350) 


Watershed management (part 1) 


e Effects of urbanization [Week 11] 
e Effects of forest harvest (Chang pp. 210-221)[Week 12] 


Land use and water quality [Weeks 13 and 14] 


e Sampling procedures 

e On-site physical measurements (temperature, pH, conductivity, 
dissolved oxygen) 

e Laboratory analyses (sediment, nitrate, phosphate, hardness, alkalinity, 
etc.) 


¢ Quality assurance/quality control; data plotting and reporting 


Watershed management (part 2) 


e Effects of roads [Week 15] 

e Effects of fires 

e Climate change 

e Other land use topics (e.g., agriculture, buffer strips, cumulative 
watershed effects, etc.) according to time and interests of the class; 
[Week 16] 


Wrap-up and conclusions [Week 16] 


Final 


8 June 07:00-09:00 


A Guide to Significant Figures 


The number of significant figures is important because this indicates the 
precision of your data and results. Determining the number of significant 
figures is not a trivial task; you can't simply count the number of places to 
the right of the decimal as you may have been taught in grade school. The 
following paragraphs attempt to provide some guidance that will be of 
immediate use in your homeworks and exams. A failure to account for 
significant figures will affect your grade for each question. Even more 
importantly, you should apply these guidelines throughout your career and 
to evaluate the quality of any data you are presented with. 


Any digit that is not zero is significant (e.g., 329 has three significant 
figures). 


Zeros between nonzero digits are significant (e.g., 309 has three 
significant figures). 


Zeros to the right of a decimal point are significant as long as they are 
to the right of a nonzero digit (e.g., both 0.50 and 0.0050 each have 
two significant figures). 


Zeros to the right of the decimal but before a non-zero digit are 
essential but not significant. 300, 3, and 0.003 each have one 
significant digit. Note that the consequence of this rule is that you can 
freely change units without creating or deleting significant figures. 
Three millimeters and 0.003 m each have one significant figure. In 
general, it is best to report your data in as close to the original units as 
possible. 


Numbers with trailing zeros that do not contain decimal points are 
ambiguous (e.g., 12,000 means only that the real value is between 
11,500 and 12,499. In contrast, 12,000. or 1.2000 x 104 indicates that 
the actual value is known to be between 11,999.5 and 12,000.5). 


Counting numbers (e.g., number of rain gages, number of days with 
rain) have an infinite number of significant figures for calculation 
purposes because the values are integers. The results, however, must 


still take into account the accuracy of the data. As one example, we are 
probably more certain of the number of rain gages in a given area than 
the number of days with rain. 


For addition and subtraction, the number of significant figures in the 
final answer is determined by the uncertainty associated with the 
numbers being added. 201 plus 56 yields 257; even though 56 only has 
two significant figures, the final answer has three significant figures 
because each number has a similar precision (plus or minus 0.5). 
Subtracting 236 from 12,000 yields an answer with only two 
significant figures (12,000) because the uncertainty in 12,000 (plus or 
minus 500) is greater than the number being subtracted. If you express 
12,000 - 236 as 11,764, you are creating more precision than actually 
exists and this is not allowed! From a scientific point of view, you 
should ignore the 236 and try to improve the precision associated with 
the larger number (12,000). 


For multiplication and division, calculators and computers make it 
easy to carry all the figures throughout the calculations, and in such 
cases you should always carry at least one more significant figure than 
you are likely to need. It is then your responsibility to round the 
final answer according to the smallest number of significant 
figures in any of the original numbers. Until you have a lot of 
practice, a series of calculations can help you determine the allowable 
precision of your answer. If you are multiplying 257 times 0.2, for 
example, yields 51.4, but in reality you only know only that your final 
answer is somewhere between 40 and 60. The reasoning for this is that 
the uncertainty in 0.2 ranges from 0.15 to 0.25. So at one extreme 0.15 
times 257 is 39, and this rounds to 40; at the other extreme, 0.25 times 
257 is 64, which rounds to 60). Thus the best estimate of your final 
answer is 50, as this is the rounded value from 51.4. The important 
point is that your answer should have only one significant figure, and 
you choose 50 rather then 40 or 60 because 50 is the rounded version 
of your calculated answer of 51.4 and 50 is statistically more likely to 
be close to the "true", but unknown, value. 


In contrast, multiplying 257 times 0.20 tells you that the answer must be 
between 50.1 and 52.7 (257 x 0.195 and 257 x 0.205, respectively), and this 
allows you to express your answer (51) using two significant figures. Note 
that these last two calculations ignored the fact that 257 may range from 
256.5 to 257.5, and including this uncertainty would only increase the 
possible range of the final answer by 0.1. Since 257 already has three 
significant figures, the uncertainty associated with 257 is trivial in 
comparison to the uncertainty associated with 0.20. 


Even with all these guidelines, some situations are still ambiguous. For 
example, if we multiply 3.5 times 2.7 we get 9.45, which should be rounded 
to 9.5 as we have two significant figures. If we then multiply 3.8 times 2.7, 
we get 10.26. Some might claim that this should be rounded to 10., as we 
only have two significant figures. However, it may not always make sense 
that by adding one digit to the left we have to round off one more digit on 
the right. Again we can rigorously evaluate these situations by applying the 
full range of values to each number, and seeing the resulting range of 
values. Using this as our acid test, the “true” answer for 3.8 times 2.7 
should be between the minimum value of 9.94 (3.75 times 2.65) and the 
maximum value of 10.59 (3.85 times 2.75). Thus our median answer 10.3 is 
approximately plus or minus 0.3. Deleting the one place to the right of the 
decimal (i.e., rounding to 10.) is losing information, while the value of 10.3 
implies more precision than we actually have (i.e., this would imply that the 
true answer is known to fall between 10.25 and 10.35). In these cases I 
would be inclined to keep the “extra” digit and use 10.3, but in the text and 
subsequent calculations I would note that this value is not as precise as 
implied by the presence of three significant figures, but it is more precise 
than two significant figures. In many cases some other factor will limit the 
precision of the final answer, and in these cases I would delete the extra 
digit as soon as it ceases to have any material effect on the result. 


e Changes in units can "create" or "remove" significant figures, but it is 
often difficult to decide exactly how many digits are significant. For 
example, 38 mm of precipitation is 0.125 ft (actually between 0.123 
and 0.126). In this case the third digit is a bit suspect, but omitting it 
loses some precision that was inherent in the original datum of 38 mm. 
In such cases the decision as to whether a third digit should be 


included depends on: (1) the use to which the data will be put; and (2) 
the quality of the original data. If we're using the 38 mm of 
precipitation as input to a runoff prediction model, the model is likely 
to have more uncertainty than the precipitation estimate, and your 
output (estimated runoff) should have no more than two significant 
figures. If the 38 mm of precipitation was snowfall caught in a heated 
tipping bucket gage, the measurement itself could easily be off by 
several millimeters, so two significant figures would be appropriate. 
These conversion issues are another reason why your data and results 
should be reported in the original units whenever possible. 


The bottom line is that there are some important rules, but in some 
situations there may be some leeway in terms of the exact number of 
significant figures. As a consultant or a computer modeler one tends to 
add on extra "significant" figures in order to impress the client with the 
precision of your work (e.g., specifying that the 100-year flood is 
43,560 cfs, or the hydraulic conductivity is 2.34 x 10-3 cm/sec). 
People with field experience tend to delete digits because they 
recognize the problems associated with obtaining accurate and 
representative data, while modelers tend to report things with 
unrealistic precision. When in doubt it is generally best to err slightly 
on the side of having one too many significant figures rather than one 
too few, as it is never a good policy to lose information. Conversely, if 
I see more than one too many significant figures, I immediately 
assume that you don’t appreciate the limitations of your data, and that 
calls into question your basic understanding of hydrology. In this 
course unjustifiable gains or losses in the number of significant figures 
will adversely affect your grade on each homework and exam. After 
studying this handout please feel free to ask questions to clarify 
specific points, but note that the presence or absence of the last 
significant figure may be ambiguous in some cases. 
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Title 

Introduction 

Measuring Water Levels 

Stream and discharge measurements 
Stream classification 


Electronic data 


Download 
Download 
Download 
Download 
Download 


Download 


Homeworks 


Title 
Homework #1 


Homework #2: Precipitation and Interception (due 21 
February 2009) 


Homework #3: Soils and Water (due 28 March) 


Download 


Download 


Download 


Download 


